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1 Introduction
In this contribution we consider the impact of CSI measurement patterns on the existing minimum requirements for CSI reporting and look at possible amendments of the test to capture the interference behaviour arising from blanking. 

Introduction of sub-frame blanking will not affect the RAN1 specifications but the mobility and CSI reporting requirements must be specified for TDM patterns by RAN4. Before agreeing new requirements, it is therefore relevant to consider the merits of using ABS in some relevant scenarios which we shall do first.
2 Scenarios for ABS
Heterogeneous deployments consist of deployments where low power nodes are placed throughout a macro-cell layout. The low-power nodes can be either pico cells of CSG cells. The application of ABS is relevant for the pico cells, where the deployments of macro- and pico cells are jointly planned by the operator, and the cell types synchronised. The pico cells provide enhanced capacity locally or can provide improved indoor coverage. 
The scenario studied by RAN1 is shown on the left-hand side of Figure 1 (more thoroughly described in TR 36.814, Annex A): the pico cells are thought to be deployed either outdoors or indoors. 
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Figure 1: two scenarios with pico cells, “hierarchical” (left) and “non-hierarchical” (right).
For outdoor pico deployment, capacity improvement in hot-spots (HotZones) is perhaps the primary target, the interference from a high-power macro cell may then degrade the performance for cell-edge pico UE(s). For some of the pico UEs, ABS configured for the macro-cell can improve the SINR and thus the throughput. This improvement should be assessed against the decreased macro-cell capacity, throughout its coverage, following from the blanked subframes.
In practice the macro-cell coverage, and thus the interference into the pico cells, is not as regular as in the hexagonal structure under study, and the average interference (over the large-scale signal variations) into a pico cell at a fixed distance to the macro-cell site will be highly variable depending on surrounding scattering objects like buildings. If cells are not overlapping and “cell split” is used for increasing the capacity the scenario is similar to that shown on the right-hand side of Figure 1. This is also a common outdoor scenario (non-hierarchical cell structure), but in this case the ABS concept is less useful. 
If the pico cells are deployed indoors for e.g. coverage extension, then the macro cell signal levels will be attenuated, hence the need to improve coverage in some cases, and will have a smaller impact on the pico-cell deployment (CSG cells is perhaps more relevant in this scenario).  
Hence the merits of the ABS is perhaps most obvious for the hierarchical outdoor scenario (left-hand side of Figure 1). The benefits for cell-edge pico users in this scenario should be assessed against 
· the impact on the capacity of the macro-cell users;
· the impact on RRM and CSI measurements. 
For studies according to 36.814, the reference scenario is a uniform macro-cell deployment. However, a more realistic scenario in practice may be the non-uniform on the right-hand side of Figure 1 in which cell split is used to improve capacity locally. 
Next we look at CSI performance and requirements using a subset of the ABS for measurements. For macro-cell UE(s) the measurements should be tailored to certain measurement patterns, and may also be relevant to introduce additional tests to reflect the time-variable interference behaviour introduced by the blanked subframes. 
3 CSI measurement patterns
3.1 General agreements

The general RAN4 agreements for measurement patterns are captured in [1]. We recall the proposed measurement patterns for evaluation according to the working assumption: regular patterns with blanking rate 2/8 (2 out of 8 for measurements) for FDD and 2/10 (2 out of 10 for measurements) for TDD [1]
FDD

(1/8,1,ABS)

[ 10000000, … ]

(2/8,2,ABS)

[ 11000000, … ]

(3/20,1,MBSFN)

[ 1000010000 1000000000 ]

TDD

(1/10,1) 


[ 0000000001, … ]

(2/10,2)


[ 0000011000  0000011000 ]

(2/10,1,MBSFN)

[ 0000100001  0000100001 ]

Other candidate patterns may also be considered:
FDD

(3/8,3,ABS)

[ 11100000, … ]

The patterns above shall apply from subframe 0.
3.2 Impact on CSI requirements

To assess the impact on the CSI tests we look at an example of a pattern configured at the macro eNB as shown in Figure 3. Cell-edge pico-UEs can be scheduled at the blank sub-frame, and measurements be made in some of the blanked sub-frames. A pico-UE would experience time-varying interference due to the blanking (variability depending on whether or not CRS from the macro- and pico-cells collide). 
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Figure 3: ABS pattern configured at the eNB.

A subset of the ABS is used for measurements (RRM/RLF/CSI), according to the “patterns for evaluation”. Hence a pico-UE is recommended to measure during favourable interference conditions, i.e. higher SNR (only in the presence of CRS from the macro eNB) e.g.
(3.1)

(1/8,1,ABS)

[ 10000000, … ]
The current CSI requirements for Rel-8/9 will have to be modified following the introduction of ABS: 
A. Impact on CQI reporting delay and periodicity.
The CSI pattern is not aligned with the 2 ot 5 ms periodicity normally used in the test cases, which corresponds to a test with longer and possibly varying CQI delay (also for FDD) and leads to a modified requirement

B. Interference from a sub-frame preceding the reference resource in the ABS may influence
If the CRS do not collide, a new time-variable interference type and additional test may be motivated.
4 Simulation results with measurement patterns
Next we look briefly at the impact of the reporting delay and periodicity by considering two CQI fading test cases. We assume use of the FDD pattern (1/8, 1, ABS). This pattern is reasonable from the perspective of the traffic and load distribution in typical macro-pico deployment scenario [2]. 
4.1 PUSCH 3-0 with even interference
For the PUSCH 3-0 fading test with even interference a sub-band differential CQI offset level of 0 shall be reported at least 2% of the time but less than % for each sub-band, the throughput ratio   should exceed 1.1. The use of the CSI measurement pattern implies that the minimum reporting periodicity increases to 8 ms instead of the 5 ms for which the current requirements apply. There is a relatively small impact for this test, and a margin to the requirement for this implementation.

Table 1: PUSCH 3-0 with modified reporting period due to ABS pattern
	CQI delay [ms]
	SNR
[dB]
	         [%]
	         [%]
	
	BLER

	5
	9
	10,84
	12,86
	0,86
	0,65

	8
	9
	10,68
	12,72
	0,87
	0,64

	5
	10
	9,32
	10,88
	1,40
	0,45

	8
	10
	9,54
	10,80
	1,38
	0,46

	5
	14
	8,36
	11,22
	1,15
	0,53

	8
	14
	8,36
	11,38
	1,15
	0,52

	5
	15
	8,19
	9,34
	1,54
	0,37

	8
	15
	8,11
	9,42
	1,48
	0,40


4.2 PUCCH 1-0 with frequency non-selective scheduling
For PUCCH 1-0, use of the CSI measurement pattern above with blanking rate 1/8 means that the resulting throughput ratio has no margin to the minimum requirement 1.1. The results are shown in Table (2 ms the reporting periodicity for FDD).

Table 2: PUCCH 1-0 test case with CSI measurement pattern.
	CQI delay
	SNR [dB]
	 [%]
	
	BLER

	2
	6
	31,6
	1,26
	0,30

	ABS
	6
	31,7
	1,17
	0,32

	2
	7
	37,2
	1,09
	0,29

	ABS
	7
	37,3
	1,01
	0,33

	2
	12
	30,0
	1,20
	0,36

	ABS
	12
	30,1
	1,12
	0,39

	2
	13
	33,4
	1,05
	0,35

	ABS
	13
	33,2
	1,0
	0,38


The minimum requirement needs modification in this case due to the blanking rate.
5 Conclusions
We conclude that the existing requirements and CSI test cases must be modified to account for measurement patterns and it may be relevant to new tests with time-variable interference.
The impact of the modified CSI measurement performance on the user- and system performance due to the use of the ABS pattern should be addressed before finalizing the CSI requirements.
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Pico cell-edge UEs can be scheduled here: aligned and non-aligned with HARQ RTT





Non-uniform but not overlapping





Different cell sizes, e.g. outdoor macro to indoor pico
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